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Abstract 

Continuing with the ideas of (section 4 of)[l], after inclusion of perturbative and non-perturbative a' 
corrections to the Kahler potential and [Dl- and D3-) instanton generated superpotential, we show the 
possibility of slow-roll axionic inflation in the large volume limit of Swiss-Cheese Calabi-Yau orientifold 
compactifications of type IIB string theory. We also include one- and two-loop corrections to the Kahler 
potential but find the same to be subdominant to the (perturbative and non-perturbative) a' corrections. 
The NS-NS axions provide a flat direction for slow-roll inflation to proceed from a saddle point to the 
nearest dS minimum. 
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1 Introduction 



The embedding of inflation in string theory has been a field of recent interest because of several attempts to 
construct inflationary models in the context of string theory to reproduce CMB and WMAP observations 
[2, 3, 4]. These Inflationary models are also supposed to be good candidates for "testing" string theory [2]. 
Initially, the idea of inflation was introduced to explain some cosmological problems like horizon problem, 
homogeneity problem, monopole problem etc. [5, 6, 7]. Some "slow roll" conditions were defined (with "e" 
and "77" parameters) as sufficient conditions for inflation to take place for a given potential. In string theory 
it was a big puzzle to construct inflationary models due to the problem of stability of compactilication 
of internal manifold, which is required for getting a potential which could drive the inflation and it was 
possible to rethink about the same only after the volume modulus (as well as complex structure and axion- 
dilaton) could be stabilized by introducing non-perturbative effects (resulting in a meta-stablc dS also) [8]. 
Subsequently, several models have been constructed with different approaches such as "brane inflation" (for 
example DS/D3 branes in a warped geometry, with the brane separation as the inflaton field, D3/D7 brane 
inflation model [4, 9, 10]) and "modular inflation" [11, 12, 13], but all these models were having the so called 
rj- problem which was argued to be solved by fine tuning some parameters of these models. The models 
with multi scalar fields (inflatons) have also been proposed to solve the r] problem [14]. Meanwhile in the 
context of type IIB string compactifications, the idea of "racetrack inflation" was proposed by adding an 
extra exponential term with the same Kahler modulus but with a different weight in the expression for the 
superpotential ([15]). This was followed by "Inflating in a better racetrack" proposed by Pillado et al [16] 
considering two Kahler moduli in superpotential; it was also suggested that inflation may be easier to achieve 
if one considers more (than one) Kahler moduli. The potential needs to have a flat direction which provides 
a direction for the inflaton to inflate. For the multi-Kahler moduli, the idea of treating the "smaller" Kahler 
modulus as inflaton field was also proposed [13, 17]. Recently, "axionic inflation" in the context of type 
IIB compactifications shown by Grimm and Kallosh et al [18, 19], seems to be of great interest for stringy 
inflationary scenarios [19]. In [1], the authors had shown the possibility of getting a dS vacuum without the 
addition of L>3-branes as in KKLT scenarios [8], in type IIB "Swiss Cheese" Calabi-Yau (See [20]) orientifold 
compactifications in the large volume limit. In this note, developing further on this idea, we propose the 
possibility of axionic inflation in the same model. 

The plan of the paper is as follows. In section 2, we review the discussion of [1] pertaining to obtaining 
a dS minimum without the addition of D3-branes. We also include a discussion on one-loop and two-loop 
corrections to the Kahler potential. In section 3, we discuss the possibility of getting axionic inflation with 
the NS-NS axions providing the flat direction for slow roll inflation to proceed starting from a saddle point 
and proceeding towards the nearest dS minimum. Finally, in section 4, apart from a summary of results, 
we we show that it is possible to get the number of e-foldings to be 60. 



2 Getting dS Minimum Without D3-Branes 

In this section, we summarize section 4 of [1] pertaining to getting a de Sitter minimum without the 
addition of anti-D3 branes in type IIB "compactifications" in the large volume limit, of orientifolds of the 
following two-parameter Swiss Cheese Calabi-Yau obtained as a resolution of the degree-18 hypersurface in 
WCP^[1,1,1,6,9]: 
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We also include a discussion on the inclusion of one- and two-loop corrections to the Kahler potential and 
show that two-loop contributions are subdominant w.r.t. one-loop corrections and the one-loop corrections 
are sub-dominant w.r.t. the perturbative and non-perturbative ol corrections. 

The type JIB Calabi-Yau oricntifolds containing 03/07-planes considered involve modding out by 
(— where H = \ supersymmetry requires a to be a holomorphic and isometric involution: cj*(J) = 
J, cr*(0) = — n. Writing the complexified Kahler form —B^ + iJ = t^u = —b'^uja + iv^u)a where {uja,^^a) 
form canonical bases for {H'^{CY^,7j)^H'^{CY^,7a)), the it subscript indicative of being even/odd under 
(T, one sees that in the large volume limit of CYs/cj, contributions from large = are exponentially 
suppressed, however the contributions from t"- = —ha-, are not. Note that it is understood that a indexes the 
real subspace of real dimensionality hh^ = 2; the complexified Kahler moduli correspond to H^'^{CY^) 
with complex dimensionality h}'^ = 2 or equivalently real dimensionality equal to 4. So, even though 
Qa _ _ ^^a ^j^j, ^^^^ g^^^^ complex t) is Complex, the number of G"'s is indexed by a which 

runs over the real subspace h]l^{CY3)^; the divisor- volume moduli are complexified by RR 4- form axions. 
As shown in [18], based on the i?^-correction to the D = 10 type IIB supergravity action [22] and the 
modular completion of M = 2 quaternionic geometry by summation over all SL{2, Z) images of world sheet 
corrections as discussed in [23], the non-perturbative large- volume a'-corrections that survive the process 
of orientifolding of type IIB theories (to yield = 1) to the Kahler potential is given by (in the Einstein's 
frame): 



K = -In {-i{T - r)) - 2ln 
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where are the genus-0 Gopakumar-Vafa invariants for the curve /3 and ka = Jpij^a, > and G"' = — rlf, 
the real RR two-form potential C2 = CaOj"' and the real NS-NS two- form potential B2 = baUi"'. As pointed 
out in [18], in (4), one should probably sum over the orbits of the discrete subgroup to which the symmetry 
group SL{2, Z) reduces. Its more natural to write out the Kahler potential and the superpotential in terms 



■'To make the idea more explicit, the involution a under which the NS-NS two-form B2 and the RR two-form C2 arc odd can 
be implemented as follows. Let Zi, Zi, i = 1, 2, 3 be the complex coordinates and the action of a be defined as: zi *-f Z2, 23 Z3; 

in terms of the Xi figuring in the defining hypersurface in equation (1) on page 2, one could take 2:1,2 = etc. in the X5 
coordinate patch. One can construct the following bases a;*-*' of real two-forms of even/odd under the involution a: 

= iidz" A df + dz^ Adz'-),Y^ idz^ Adz^ = 4+^}. (2) 

This implies that h]^^{CY3) = h^^^^CYs) = 2 - the two add up to give 4 which is the real dimensionality of H^{CY3) for the 
given Swiss Cheese Calabi-Yau. As an example, let us write down S2 € R as 

B2 = Bi2dz^ A df -I- B^zdz^ A dz^ -h B^idz^ A dz^ -\- B2idz^ A dz^ + B^zdz^ A df -h B^^dz^ A df 

-\-Biidz^ A df -h B22dz^ A df + B^^dz^ A df. (3) 

Now, using (2), one sees that by assuming S12 = B23 = -B31 = 6^, and Bn = —B22 = ib^jB^g = 0, one can write B2 = 
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of the M = 1 coordinates r, and Tq where 



(5) 



Pet being defined via C4(the RR four-form potential)= pai^a^'^o. € -ff+(Cl3,Z). The non-perturbative 
instanton-corrected superpotential was shown in [18] to be: 



W=[ G3A17 + E^#^e-"^^ 
where the holomorphic Jacobi theta function is given as: 
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In (7), m? = C^^mamf,, Cab = ~i'^a'ab^ a = a' corresponding to that = T^' (for simpUcity). 

Now, for (1), as shown in [24], there are two divisors which when upUfted to an elhptically-fibered 

Calabi-Yau, have a unit arithmetic genus ([25]): = Ot^V = ^) U ^ dt2V = (the subscripts "b" 

and "s" indicative of big and small divisor volumes). In (5), ps = pi — iTs and Pb = P2 — iTb- 

To set the notations, the metric corresponding to the Kahler potential in (4), will be given as: 



( dp.dp^K dp^dp^K dp^d^iK dp^d_G2K \ 

dpbdpsK dp^dp^K dp^dQiK dp^d_a2K 

dc^dpsK dcidp^K dcidQiK dGid_Q2K 

V ^G^dp^K dc'idp^K 8028^2 K 8028^2 K j 



(8) 



where A = p^'^, G^'^. From the Kahler potential given in (4), one can show (See [1]) that the corresponding 
Kahler metric of (8) is given by: 
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where 
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The inverse metric is given as: 
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(11) 



2p,zV-P. + P. + [2Z'^ +e^'t' Xiy'^) ps V-Ps + Ps 
+e^'t'Xiy^ (3V23^-P3V-P. + P.) V-Pb + Pb, 
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-(3V2e'^^ki^Xiy'^ + 2k2^Z^ (3^23^ - 4 p,V-P. + Ps)) PbV^pT+Wb 
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(12) 
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with: 



A = -18e3'^A'iy^ + 6V2p, A'^ y ^-p, + + 3 ^2 e^"^ V-ps + Ps 

~QV2pbX^y v-/9b + pb -3V2e^'^ pbXiy^ + Pb + ^psPb x'^ V^p7+Ts V-pb + Pb 

+ (2,V2e'^^Xiy'^ + (QV2y -%ps^/-ps + Ps)) Pb\/-Pb + Pb 

-Ps V-Ps + Ps (3 V2 6=^"^ -Yi 3^=^ - 8 X^ pf, V-P6 + Pb + X'' (6V2y + 8pbV-pb + Pb))- 



Now, analogous to [26], we will work in the Large Volume Scenario (LVS) limit: V — > 00, ~ InV, r;, ~ Vs . 
In this limit, the inverse metric (11)-(12) simplifies to (we will not be careful about the magnitudes of the 
numerical factors in the following): 
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where 



-Y2 = ^ ^ \n + mT\^\An,jn,nkc{''')\'^c.os{nk.b + mk.c). 

c m,neZ2/(0,0) 



Refer to [26] for discussion on the minus sign in the (G"^)''"^". 

The Kahler potential inclusive of the perturbative (using [27])and non-perturbative (using [18]) a'- 
corrections and one- and two-loop corrections (using [29]) can be shown to be given by: 
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(14) 



In (14), the first line and —2 IniV) are the tree- level contributions, the second (excluding the volume factor 
in the argument of the logarithm) and third lines are the perturbative and non-perturbative a' corrections, 
the fourth line is the 1-loop contribution and the last line is the two-loop contribution; Tg is the volume of 
the "small" divisor and is the volume of the ■'big" divisor. The loop-contributions arise from KK modes 
corresponding to closed string or 1-loop open-string exchange between D2>- and Dl-{oi 07-planes)branes 
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wrapped around the "s" and "b" divisors - note that the two divisors do not intersect (See [30]) implying 
that there is no contribution from winding modes corresponding to strings winding non-contractible 1-cycles 
in the intersection locus corresponding to stacks of intersecting D7-branes wrapped around the "s" and "b" 
divisors. 

Based on (14), the inverse metric (not been careful as regards numerical factors in the numerators and 
denominators)is given by (dropping 2-loop contributions as they are sub-dominant as compared to the 1-loop 
contributions): 
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where 



(izl) 
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|m + nrp 



(16) 



(m,n)eZ2/(0,0) 

/i becomes evident from (14) and (15) that loop corrections are sub-dominant as compared to the perturhative 
and, non-'perturhative a' corrections. One of the consequences of inclusion of perturbative a'-corrections is 
that the M = 1 potential receives a contribution of the type x(cy3)|W"ca+W^np| ^^^^ ^ complex structure, np = 
non-perturbative) [27]. But, in the approximation that Wc.s. << 1 (See [8]) and further assuming that 
Wcs. < Wnp, this contribution (given by y3+2n'> ) is sub-dominant as compared to the contribution from the 

Z)l-brane and £)3-brane instanton superpotential, e.g., Gp'p" dpsWnpdpsWnp + c.c. ~ for DS—hvane 

instanton number > 1. To be a bit more detailed conceptually, using (14) and (ll) and appropriate 
expression for Wnp, one can show that the M = 1 potential including tree-level (denoted by "tree"), 1-loop 
(denoted by "^s") as well as perturbative (denoted by "x(C'^3)") a-^d non-perturbative (denoted by "a^p")a' 
corrections is of the form: 

2 



QP P 
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dps [Wdi- 



instanton 



V, G")W_D3- instanton (t, G"' , p'^ , p 



In the LVS limit for the "Swiss cheese" considered in our paper, for extremization calculations, one can 
equivalently consider the following potential: 

dps (^Wi:)l-instanton('r , G") W'D3_instanton('r , G"" , , f^^ 



tree 
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Having extremized the superpotcntial w.r.t. the complex structure moduh and the axion-dilaton mod- 
ulus, the Af = 1 potential will be given by: 



.A,B=p„,G'' I 



(17) 



where the total superpotential W is the sum of the complex structure moduli Gukov-Vafa-Witten superpo- 
tcntial and the non-perturbative superpotential Wnp arising because of instantons (obtained by wrapping 
of £)3-branes around the divisors with complexified volumes Tg and r^) . 

To summarize the result of section 4 of [1] , one gets the following potential: 



V r 

I I I g y f i ' ^'-iao (t^-t) (r-r) i'-ifO (^,^ / _j_ 




+ 



+ 



V3 \^ /cf y X;c'Ern',n'ezV(o,o) e '2'|n-FmT|3|A„/,^/,„^^,(r)|2cos(n'A:.6-Fm'A;.c) 

(18) 

On comparing (18) with the analysis of [26], one sees that for generic values of the moduli pa,G^,k^''^ 
and 0(1) Wc.s., and n*(thc _D3-branc instanton quantum numbcr) = l, analogous to [26], the second term 
dominates; the third term is a new term. However, as in KKLT scenarios (See [8]), Wc.s. « 1; we 
would henceforth assume that the fluxes and complex structure moduli have been so fine tuned/fixed that 
W ~ Wn.p.- We assume that the fundamental-domain- valued 6"'s satisfy: ^ < 1^. This implies that for 
> 1, the first term in (18) - IdpiWnpl"^ - a positive definite term and denoted henceforth by Vj, is the most 
dominant. Hence, if a minimum exists, it will be positive. As shown in [1], the potential can be extremized 
along the locus: 

mk.C + nk.b = N(^rn,n;,k'^)T^ (19) 

and very large values of the Z)l-instanton quantum numbers m". As shown in section 3, it turns out that 
the locus nk.b + mk.c = Ntt for < tt and |c"| < tt corresponds to a flat saddle point with the NS-NS 
axions providing a flat direction. 

Analogous to [26], for all directions in the moduli space with 0{1) Wc.s. and away from DiWcs = 
DrW = = dcaV = di,aV = 0, the O(^) contribution of Y.a,p&c.s.{G~Y^ DaWcsD^Wcs dominates over 
(18), ensuring that that there must exist a minimum, and given the positive definiteness of the potential 
Vi, this will be a dS minimum. There has been no need to add any D3-branes as in KKLT to generate a 
dS vacuum. Also, interestingly, as we show in section 3, the condition nk.h + mk.c = Ntt gurantees that 
the slow roll parameters "e" and "r/" are much smaller than one for slow roll inflation beginning from the 
saddle point and proceeding along an NS-NS axionic flat direction towards the nearest dS minimum. 



If one puts in appropriate powers of the Planck mass Mp, -LJ- < 1 is equivalent to < Mp, i.e., NS-NS axions are 
sub-Planckian in units of nMp. 
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The arguments related to the hfe-time of the dS minimum in the hterature estimate the hfetimc to be 



27r 



2 



e ^0 where the minimum value of the potential, Vq ~ ^yjv^ for N > 5. The lifetime, hence, can be made 
arbitrarily large as V is increased. 

3 Axionic Slow Roll Inflation 

In this section, we discuss the possibility of getting slow roll inflation along a flat direction provided by the 
NS-NS axions starting from a saddle point and proceeding to the nearest dS minimum. In what follows, we 
will assume that the volume moduli for the small and big divisors and the axion-dilaton modulus have been 
stabilized. All calculations henceforth will be in the axionic sector - da will imply dc^ in the following. 
We need now to evaluate the slow-roll inflation parameters (in Mp = 1 units) e = — ^ , rj = the 

most negative eigenvalue of the matrix N'^- = - — (^''^■'^ — jfefilll ^g^j^ig of the real axions. 



N 



( N'^li N 
N' 

N^l, N 
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(20) 



In terms of the complex G^'^ and G^'^, 



r — r T — T T — T ^ T — T ^ 

= - -^N% - -^N% + -^N%, + , etc. (21) 

T — T T — T T — T ^ T — T ^ 

The first derivative of the potential is given by: 

(22) 

The most dominant terms in (22) of 0{^^^^) that potentially violate the requirement "e << 1" are of the 
type: 

• e.g. {daG''"^"){dbWnp)dcWnp, is proportional to daX2, which at the locus (19), vanishes; 

• e.g. QP^'P'' dadbWnpdcWnp- the contribution to e will be — ^ , o,^ . Now, it turns out that the 

2^/3 eif2 ^"'3-' 

genus-0 Gopakumar-Vafa integer invariants n^'s for compact Calabi-Yau's of a projective variety in 
weighted complex projective spaces for appropriate degree of the holomorphic curve, can be as large 
as 10^° and even higher [31] thereby guaranteeing that the said contribution to e respects the slow roll 
inflation requirement. 

One can hence show from (22) that along (19), e << 1 is always satisfied. 
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To evaluate A^"^ and the Hessian, one needs to evaluate the second derivatives of the potential and 
components of the affine connection. In this regard, one needs to evaluate, e.g.: 

B^daV = {dadaK)v + daKd^v 



+e 



K 



np) 



(23) 



One can show that at (19), the most dominant term (and hence the most dominant contribution to rj) in 
(23) comes from Q''"^' B},Bp^WnpBcBp^Wnp-, proportional to: 



N\3 



(24) 



Now, the large values of the genus-0 Gopakumar-Vafa invariants again nullifies this contribution to r). 
Now, the affine connection components, in the LVS limit, are given by: 



^ be 



T — T 



Bra + 
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T — T 



Xi = o(v°). 



(25) 



implying that 



sin(nk.b + mk.c) yY+"n<* 



V 



E 



,0^2 VlnV 



(26) 



We thus see that in the LVS limit and because of the large genus-0 Gopakumar-Vafa invariants, this contri- 
bution is nullified - note that near the locus (19), the contribution is further damped. Thus the "ry problem" 
of [4] is solved. 

We will show that one gets a saddle point at {(6", c'^)\nk.h + mk.c = N^^^^.j^a-^ir} and the NS-NS axions 
provide a flat direction. We will work out the slow-roll inflation direction along which inflation proceeds 
between the saddle point and the minimum. Now, the Hessian or the mass matrix Ai of fluctuations is 
defined as: 

2Re (BaB-i^V + BaBbV) ~ 21m {daBi,V + BaB^V) \ 
-2Im {daB-^V - dadt^V) 2Re iBaBt,V - dad^V) ) ' 



M 



(27) 



An eigenvector of the Hessian is to be understood to denote the following fluctuation direction: 

/ Sc^ - A5b^ \ 

One can show that near nk.b + mk.c = Ntt and b^ ^ —— ^ assuming that ^^^^ G Z: 



(28) 



BaBbV = AiT^ri^kakb + Kirnmkah + A2|Atiafe|, 
BaB^V = -Ailrfn^kakb - kifnmkah - A2|Kia6|, 



(29) 
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where 



Ai = 



A9 = 



T — T 



V 



l3eH- 



(¥) 



(m,n)eZ2/(0,0) 



m + nr 



l/(r?(r))r 



VTnV 



Em" ^ '''' 



T — T 



V 



l/(^(r))r 



E 



2gs 



m", no sum over a 



(30) 



In the Hmit A» \, one gets the Hessian: 



\ 



9t 

^Am'kl 
^Aiv?kik2 



2 2u2 



n kik2 

2^ 2 2,2 



^Ain'^kik2 
2A^Ain^kf - \X\ 
2A^Aiv?kik2 



fA,n'k,k2 
^Am^ki 
2A^Ain'^kik2 
2A^Aiv?kl-\X\ I 



(31) 



where X = 2A2|Kia6| ~ C){gl). The eigenvalues are given by: 



{0,-1^1, 



2A^ki'Ain-g-l + 2,Vk2- An,' gl - \X\gi - 2krAirrg, - 2h2-Ain'g + Z 



-2A^kx^Axn^gl - 2A^k2^ Am'^g^ + l-^l^^ + 2ki^Ain^gs + 2k2^Ain^gs + \/Z 



25: 



where 



Z = gl i^g, (ki^ + ^2') Ai (2A^{gs + 1) (fei' + ^2') Am^ - ^.l^"!) 



n 



The eigenvectors are given by: 

/ _M \ 
/ fci \ 

1 


V / 

/ \ 


V 1 / 

/ fci (2. l^A:i^Ai/i-.9i'+2. l-A-2-Ai .V,.c/3- L l-A-i^Ai "^j/?- L l^Ara" Ai/i^.9;+2A-i- Ai«-.y,+2A-2- Ax (i^</» + v'Z) \ 
A(?sfc2(-2A2fei^Ain233-2A^fc2^Ain2s,| + |A'|f(3+2fci^Ain2g,+2fc2^Airi2g3+V^) 
2A2fci2Ain2gf+2A2fc2^Ain2gg-|A'|g3+4A2fci^Ain^gg+4y42fc2^Ain2gg4-2fci2A^n2g^ 

ig,(-2A2fci2Ain2fff-2A2fe22^^„2g3+|^|g|+2fci2Ain2gI+2fe2^Ain2g,+V2) 

fe2 
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/ ki[2A'^ki'^Ain^g^+2A^k2^Ain'^g^-\X\g'i+4A'^ki^Ain'^g'i+4A'^k2^Ain^g^+2ki^Ain^ \ 
Agsk2{2A^ki^Ain-2gl+2A^k2'^Ain^g'i^\X\g»~2ki'^Ain'2gs-2k2'^Ain'2gs+Vz) 
2A^ki'^Ain'^gj+2A'^k2^Ain'^gf-\X\gj+4A'^ki^Ain^gj+4A^k2'^Ain'^gj+2ki^Ain'^g^+2k2'^Ain'^g,-VZ 



\ 



Afl42A2fei^Ain2fff+2A2fc2^Ain2gf-|A'|g|-2fci^Ain2g,-2fe2^Ain2g,+V2) 

fei 

1 



(32) 



Prom the second eigenvector in (32), one sees that the NS-NS axions provide a flat direction. Prom the set 
of eigenvalues, one sees that for gg « 1, the fourth eigenvalue is negative and hence the corresponding 
fourth eigenvector in (32) provides the unstable direction. One sees that for 5(5 << 1, the eigenvectors 
are insensitive to l^:"!. Purther, in the fourth eigenvector in (32), the top two components are of the type 
^||fy = 0{gs) and hence negligible as compared to the third and fourth components in the same eigenvector 
- this justifies taking a linear combination of the NS-NS axions as flat unstable directions for the slow-roll 
inflation to proceed. 

The kinetic energy terms for the NS-NS and RR axions can be written as: 



( V' 



where 



/C = Xi 



kik2 



d^b^ ) /C 



Ql^^2 



(33) 



kik2 

-{T + f)kl 

\ —{t + f)kik2 



^2 

-(r + f)kik2 

-{T + f)kl 



-{r + f)kl 
(r + f)kik2 

•J2 

n 



A;iA;2|r| 



-(r + T)k\k2 \ 
-(r + f)k\k2 
\T\^k\k2 
It 



]^2\^\2 



(34) 



Writing t = A + the eigenvalues of /C are given by: 



Xi { 0, 0, 



(1 + (1 + A^) gl + VS) {k,^ + ^2^) (1 + (1 + A^) gl - Vs) (k,^ + ^2') 



25i 



(35) 



where S = I + 2 {-I + A^) gl + {I + UA^ + A^) g^. The basis of axionic fields that would diagonalize the 
kinetic energy terms is given by: 



kl (62 fci-foi fe) yi+lf 
k^^+k? ~ 



\ 



kl (c2fci-ci fea) 



fca »1 (b^ (l+(-l+A2) ffg + V5) fci+A2 fe2 g2 fc^_^52 (l_g2_^^) fc2-4 Agg (ci fci+c2fc2)) 

4V2v^(fci^+fc2^) 

k2^1 (fcl (-l-(-l+A2)g2_^V5) fcl-A2 fc2g2fc^_^fc2 (_ i+g2_)_^-) h^j^4^ A gl {c^ fcl+c2fc2)) 

4V2\/5(fci2+fe2^) 



(36) 



« 1 



where = y'- (-i-(W4A-+^-).Hv^+(-^+f ).K-^+V5)) (..^ _ ^^^^^ ^^^^ 

limit, there are two NS-NS axionic basis fields in terms of which the axionic kinetic terms are diagonal 

^ ^''"'-'y, and ^ 



^/kl+k^. 



2 ' 



2g,^2kl{kl+kl) 



{b^ki + h^k2)- By solving for and 6^ in terms of B^ and H^, 
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and plugging into the mass term, one finds that the mass term for and not B^, becomes proportional 
to g'^{B^)^ - given that the infiaton must be lighter than its non-infiatonic partner, one concludes that 
, I, „ — =(b^ki + fe^fe) must be identified with the infiaton. We need to consider a situation wherein 

one can not completely disregard as compared to unity - this ratio could be smaller than unity but not 
negligible. This is because the eigenvalues and hence the eigenvectors of the Hessian are more sensitive to 

this ratio than the term \X\ that one gets by assuming << 1 - in the latter case, one can show that one 
can not get a nearly fiat unstable direction for slow roll to proceed. 



4 Discussion 

In this note, we have generalized the idea in [1] of obtaining a dS minimum (using perturbative and non- 

perturbative corrections to the Kahler potential and instanton corrections to the superpotcntial) without the 
addition of £)3-branes by including the one- and two- loop corrections to the Kahler potential and showing 
that two-loop contributions are subdominant w.r.t. one-loop corrections and the one-loop corrections are 
sub-dominant w.r.t. the perturbative and non-perturbative a' corrections in the LVS limits. Assuming 
the NS-NS and RR axions 6",c"'s to lie in the fundamental-domain and to satisfy: ^ < 1, '-^ < 1, the 
Z)3-branc instanton number associated with the "small divisor" to be much larger than the Dl-instanton 
numbers rn^^'s, one gets a flat direction provided by the NS-NS axions for slow roll inflation to occur starting 
from a saddle point and proceeding to the nearest dS minimum. After a detailed calculation we find that for 
e << 1 in the LVS limit all along the slow roll. The "eta problem" gets solved at and away from the saddle 
point locus for some quantized values of a linear combination of the NS-NS and RR axions; the slow-roll 
flat direction is provided by the NS-NS axions. A linear combination of the axions gets identified with the 
infiaton. Thus in a nutshell, we have shown the possibility of axionic slow roll inflation in the large volume 
limit of type IIB compactifications on orientifolds of Swiss Cheese Calabi-Yau's. As a linear combination of 
the NS-NS axions corresponds to the infiaton in our work, this corresponds to a discretized expansion rate 
and analogous to [32] may correspond to a CFT with discretized central charges. 

To evaluate the number of e-foldings A/g, defining the infiaton J ~ lP'k2 + h^ki, one can show that (in 
Mp = l units) 

r&n: dS Minimum J J^fieHjj^ 

Ng = — —dl ~ ^= 

^in: Saddle Point n^vV 

For appropriately high degree of the genus-0 holomorphic curve (usually 5 or more - See [31]), one could 
choose ra^'s in such a way that ~ QOn'^W. This would yield the required 60 e-foldings. 
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